vigorously developing larve. Hence it would seem (and Miss Russell's work in Macedonia is confirmatory) that some anophelines will not breed in distinctly acid waters. On the other hand, observations by Senior White, Barber and Komp, and Walton and Rees Wright are at variance with MacGregor's finding. The reaction of the marsh waters of Bermuda has never been fully tested, though Major Langrishe, R.A.M.C., has conducted inquiries into the salubrity of the marine swamps with reference to the development of salt marsh mosquitoes and has found pupation occurring in water with a chlorine content as high as 1,500 parts per 100,000, i.e., about 75 per cent. sea water.-This, however, by the way.
Another factor requiring consideration in connexion with the absence of anophelines in Bermuda is the part which larvivorous fish may have played. There exists in all the marine swamps and probably in most of the inland waters, a speci9s of fundulus identified in the United States and named there as Fundulus bermude. This little fish occurs in great numbers and feeds voraciously on such mosquito larve as are present, namely those of Culex fatigans, the common brown gnat of the tropics and sub-tropics, and those of the Aedes sollicitans and A. taniorhynchus, the two species of salt-marsh mosquiito present in the Colony. These latter were in all probability introduced from the eastern American seaboard, where they are common in many localities, notably in New Jersey. Now, as so frequently happens, a balance has been struck between the local fundulus and the mosquito larve on which it preys. The latter find protection from aquatic vegetation which prevents the fish getting at them. Indeed, in one swamp pool I took with three successive dips, mosquito larvae, a small " mullet," (as the fundulus is called), a dragonfly larva and several notonectidae. The fish, the dragon-fly larve and the water-boatmen are all inimical to mosquito larvae, but could not get access to them owing to the presence of weed. It is, however, a reasonable hypothesis that anophelines have been introduced, that the females have laid their eggs, and that these have turned into larve, but that the broods were wholly exterminated by the local fish before any imagines emerged from pupal cases.
Another, less credible, is concerned with the presence or absence of aquatic plants of the natural order Characeae in Bermudian waters. Caballero, in Spain, declared that certain species of the genus Chara are highly inimical to anopheline larvae, apparently because the plants yield to the water in which they grow some toxic substance which kills the larve. In certain countries Caballero's findings have been confirmed. Accordingly I searched for chara in the large Pembroke swamp near Hamilton, the capital. I could find no specimens, perhaps because it was the winter season, but there is a botanical record to the effect that a species known as C. foliolosa has been taken in that very marsh. This species, however, is said not to be detrimental to anopheline larvue in other parts of the world, but actually to afford them shelter from their enemies.
Hence we need not consider a botanical cause as explaining the colony's freedom from spotted-winged mosquitoes. But we may learn a lesson, not from Bermuda, but from what has recently happened in Barbadoes, that to view the immunity of Bermuda with complacence may precipitate a calamity like that which has befallen Barbadoes, though we must admit that the danger is not so obvious.
Amongst the mosquitoes of Bermuda is A. cegypti, better known under the pseudonym of Stegomyia fasciata, the vector of yellow fever.
The history of yellow fever in Bermuda teaches many lessons, both medical and sanitary. There seems to have been a bad outbreak in 1699, there was certainly a severe epidemic in 1796, the year in which New York and Philadelphia were scourged by the malady, but there was no further prevalence until 1812 when the garrison and dockyard were decimated. In 1818 and 1819 the fever was again in evidence a nd there appear to have been "dropping" cases for several years afterwards. In 1837, .144,6 H.M.S. Seringapatam introduced the disease from Havana, and in 1843, when South Carolina and other parts of the United States were scourged, the Colony was not exempt. The epidemic was severe and occasioned many deaths, especially amongst the soldiers and the convicts on the hulks. The succeeding epidemics of 1853, 1856, and 1864 are better known, and on several occasions when in Bermuda in 1923 I met persons who, as children, had been ill with yellow fever in 1864. It would seem that, subsequent to that year and possibly even down to the earlier "seventies," occasional cases of yellow fever were recorded, but there was nothing in the nature of an outbreak. Since those days the islands have been free and we are led to ask why such an immunity has been vouchsafed them, considering that the mosquito vector is still present in abundance, and indeed that, until comparatively recently, no serious measures were taken to combat it. I am inclined to think that the substitution of steamers for sailing ships has had something to do with the matter, for, as is well known, A. wvgypti found the old-fashioned wooden vessel a much more suitable habitat than the iron tank of the present day. The ousting of the sailing ship is, however, insufficient to account wholly for the immunity of Bermuda from yellow fever. Probably the fact that the disease never gained a permanent footing in the colony is one reason and the failure of the parasite to become established there is itself to be explained by the winter season being unfavourable to it. Indeed, it would seem possible to say which of the numerous fever outbreaks in lBermuda in olden days were, and which were not, examples of " yellow jack " by considering whether they were limited to the summer or continued throughout the colder months. Thus the epidemic of 1779-80, which persisted throughout the socalled winter, was almost certainly typhus, as indeed the name of " gaol fever," which was applied to it, seems to indicate. It should be noted that this occurred during a war period as did the tindoubted typhus fever of 1867.
Another factor which, partly owing to the successful crusade of the Americans, has doubtless been operative of late years, is the stamping out of yellow fever from many of its old-time endemic foci in the new world. There was, however, in 1921, a small epidemic in British Honduras, a country with which Bermuda is in direct steamship communication. It is therefore unlikely that the long immunity enjoyed by the Colony depends chiefly on what is called " chance," a concatenation of circumstances on which, in matters sanitary, man is apt to rely to his ultimate undoing. Barbadoes did so and escaped yellow fever from 1881 to 1907, but retribution fell upon it in 1907, and from 1907 to 1909, at least 100 persons went down with the disease, of whom thirty-six died.
In connexion with the history of yellow fever in Bermuda a curious lesson may be learnel, happily one which very rarely has to be. impressed on the medical man. It is that, if a physician desires effectively to put his medical knowledge to base uses, he must first be certain that such knowledge is accurate. In 1864, during the American Civil War, a diabolical plot was hatched in the Islands by one Blackburn, a physician, hailing, it was said, from New Orleans. Its object was the collection of blankets, sheets, underwear and handkerchiefs stained with black vomit, together with poultices from fever cases, for the purpose of infecting New York and other cities of the Northern States.
In 1900, Reed and his colleagues incriminated the mosquito. Yet long before this date the mosquito had been suspected and if previous to the ast epidemics of yellow fever in Bermuda, the hypotheses advanced by Blair of British Guiana, and still more by the famous Beauperthuy, the French Creole, had been broadcasted, it is conceivable that they might have been adopted and measures might have been taken to protect against mosquitoes and so to stay the plague. In those days, however, the literature on tropical medicine, though plentiful, was not easily 144.7 obtainable. Something is to be gathered from the methods now in force for dealing with A. agypti. In Bermuda, water for domestic uses is stored in large stone tanks. Every house is supposed to have a tank and these form ideal nurseries for the stegomyia broods. The most effectual way of dealing with the larva is by placing goldfish or the local fundulus in the water. The fish thrive and keep the water from mosquito larvae unless, and here a lesson obtrudes itself, the tanks are not periodically cleaned and a growth of aquatic vegetation is permitted to accumulate on their sides. If this occurs the fish may find a diet more to their liking than the " wig-wags "-the vulgar name applied to all mosquito larva in Bermuda.
Here, as has been demonstrated elsewhere, the presence of fish in water stored for drinking purposes is in no way deleterious. Houston (London) showed that roach, dace, perch and other species of fish yield to water, B. coli both in its typical form, that of Escherich, and in allied forms. He regards the organisms as being probably quite harmless. On the other hand, Havens and Dehler in the United States found that the top minnow, Gambusia affinis, yields B. pyocyaneus to water but not B. coli. The former organism was observed indeed to have an inhibitory effect upon the latter, so much so that considerable numbers of top minnows may render the B. coli index an unreliable guide to pollution. Here surely further research is required, and nowhere could the investigation have been better conducted than in Bermuda if only laboratory facilities had existed there. I am glad to say that in 1925 a bacteriological laboratory was established at the King Edward Memorial Hospital.
Yellow fever, clinically and pathologically, closely resembles spirocha)tosis icteroha)morrhagica. In the past, and indeed until quite recently, the two maladies have probably not been properly differentiated in America, and from the work of Schiiffner and Mochtar, Theiler and Sellards, of Gay and Sellards, Mosoya and Stefanopoulo, and Puntoni there seems good reason to believe that Leptospira icteroides, the reputed parasite of yellow fever on the Ameriban Continent, is identical with L. icteroh.emorrhagia, the organism of Weil's disease. Indeed, the recent researches of Schiiffner working in conjunction with Mochtar, Proehoeman and Honig, appear to have definitely settled this questionin the affirmative. In any case, it is of interest to determine, in countries where yellow fever occurs, or has occurred, whether the rat populations harbour the second of these spirocha)tes. This has not been done in Bermuda, but the researcb, a simple one, might with advantage be undertaken. I made the suggestion at the time of my visit but am not aware that any steps have been taken to give effect to the recommendation.
In olden days the graves of those who had died of yellow fever were regarded with fear and suspicion. It was believed that they gave forth dangerous emanations, and cemeteries were frequently cited as places where infection might be contracted. We smile at these beliefs to-day, and yet graveyards did play an important part in the a)tiology of yellow fever and might do so again in Bermuda. Nearly every cemetery is a prolific breeding place of A. agypti, the water stages being found in the water contained in the different kinds of flower receptacles on the graves and monuments. Surely a lesson may be derived from a slab bearing the names of several members of a family wiped out by yellow fever and with the pious words graven upon it: "God's will be done," yet also bearing a jam jar full of flowers and full also of stegomyia eggs, larvae and pupae ! It is of interest to note that the Bermudian is more or less immune to the bites even of such vicious and irritating mosquitoes as the salt-marsh breeders, This fact was observed long ago and is recorded by a certain Susette Lloyd who produced a book about Bermuda in 1835. No one, so far as I know, has ever worked out the mechanism of this type of immunity. Schaudinn asserted that the pain and discomn-fort of the mosquito bite were due to the discharge into the wound of yeasts derived from the cesophageal diverticula, and Bruck, in an investigation, far fronm precise, obtained from the orgtns of culex an urticaria-producing substance which he termed " culicin," but the nature of the irritating substance-and indeed the whole questionrequire further exploration even though the work of Roy in India and that of Pulido in Spain have added somewhat to our knowledge. The interesting research of Yorke and Macfie on the action of the salivary secretion of mosquitoes does not deal with this aspect of the question.
A lessonin human credulity and ignorance, those factors which more than any others hinder sanitary progress, can readily be drawn from Bermuda. When collecting the larvae of C. fatigans in one of the island marshes I was accosted by a comely black wench as follows: " What you doing? You trying to get rid of mosquitoes Sah ? You never do that. Mosquitoes are the gift of the good God to Bermuda." If this cheerful and resigned person's view was correct, she taught me another lesson, that of simplification of the mosquito nomenclature in the Colony, for why not class the four species of Bermudian culicines under the single generic name " dorothea " and call them all Dorothea bermudiensis ? Yet I venture to doubt her assertion. It is, at least, hard to reconcile it with certain happenings at St. John's Church in Pembroke Parish, recorded by its vicar in a pastoral letter dated October, 1923. He wrote as follows: " For the past few Sundays an experiment has been tried and has proved successful in driving out the mosquitoes from Pembroke Church. The evening congregation can now worship in some degree of comfort. If there are any persons who have absented themselves because of the attack of the mosquitoes, I would ask them to make another trial. We want your help to build up this service." If mosquitoes are God's gift to Bermuda, how explain these onslaughts upon the faithful in the sanctuary ? As a matter of fact the worthy vicar unwittingly provided a lesson as to the danger of lack of thoroughness in anti-mosquito operations, for a large number of his winged foes were due to flower receptacles on the graves surrounding the place of worship.
Mosquitoes suggest water, and in the tropics and sub-tropics water, unfortunately, often suggests dysentery. Dysentery is rare in Bermuda, probably because there is no surface running water liable to gross pollution. Bermuda, however, abounds in flies. Fly-breeding indeed might, at the time of my visit, have been regarded as one of its principal industries, largely owing to the facts: (1) that the horse-drawn vehicle still persists in Bermuda as, apart from the push bicycle, the sole means of wheeled transport; (2) owing to the necessity of catering for the needs of tourists, the number of horses is out of all proportion to the size of the island; and (3) the large livery stables are almost invariably most insanitary. Hence M-usca domestica and other allied diptera were greatly in evidence. I am glad to say that, thanks to good work carried out by Dr. G. B. Mason and others, matters have greatly improved in this respect. There are those who regard the fly as an important agent of infection both in amcebic and bacillary dysentery, while others consider its r6le in these conditions has been much overrated. Experiences in Bermuda support the latter opinion. The island teaches the old lesson, " pure water, little flux."
On the other hand, the fly is believed to have a good deal to do with the prevalence of enteric fever which, next to tuberculosis, is the most important communicable disease in the Colony. This is no wonder, for the conditions governing the collection, removal and disposal of exereta and refuse were far from satisfactory and still, I understand, require close attention. A lesson in the value of sanitary discipline and efficiency is to be learned from the fact that, in 1922, fifty-two cases of enteric fever were reported amongst the civilian population, thirty-eight of which were confirmed either bacteriologically or clinically, while not a single case occurred amongst British troops. The numbers concerned, of course, were very different, but on the other hand, amongst the soldiers there was proportionately a greater number of persons at susceptible ages. It must not be forgotten that the soldiers were protected by the triple vaccine, but Colonel Houghton, the Senior Medical Officer in 1923, informed me that, in his opinion, the immunity was in part, at least, due to the presence of a piped water supply, of a water-carriage system of sewage disposal, and to the stringent measures taken to guard against fly infection.
Antityphoid vaccination is employed amongst the civilian population at present, for the protection of contacts, but there is a growing tendency in Bermuda, as elsewhere, to rely upon it to the exclusion of other means of defence. This, I believe, is a lesson in how not to proceed. I am not decrying the value of antityphoid inoculation, which has been proved time and again, especially, as far as civil communities are concerned, in Fiji, the Virgin Islands, and amongst the Maoris of New Zealand. In times of emergency, and under certain other conditions, it has its place in civil life just as it has in time of war, but it would be a pity if it were to usurp the first place in the line of defence. There is a distinct danger that this may occur and that thereby communities will be led to neglect their obvious duties in the way of providing cleanly surroundings and carrying out essential sanitary works. It is no doubt cheaper to pay bi-annually for two preventive doses of vaccine than to be muleted heavily in the rates for a new and satisfactory water supply, but it is not wiser in the long run. Enteric fever is only one of several filth diseases, and if a community is to live healthily, it must pay for those services which abolish filth and its results. It is not a sound sanitary policy to rely on a large scale upon a, measure like preventive inoculation if only because the enteric fevers cannot, so far as aetiology is concerned, be divorced from other dangerous maladies against which an antityphoid vaccine conveys no protection. I have mentioned tuberculosis as the chief communicable disease in the Colony. Bermuda teaches the old lesson that climate has little, if anything, to do with the incidence of the "white plague."
There, it is a question, in part, of housing conditions, in greater part of faulty habits and ignorance. Bermuda is one of the most thickly populated islands in the world, yet there is not much-overcrowding, even though considerable stretches still remain untenanted. This is due to the fact that outside the two towns, Hamilton and St. George, almost every household occupies a detached stone-built cottage, generally standing in its own garden. Even in the towns there are few slums and practically no rookeries; indeed the middle and lower classes are probably better housed than in any other part of the world. Yet tuberculosis is rife amongst the coloured community because the value of the open window is not appreciated, and because expectoration is freely practised. The milk supply is also in some measure to blame.
Previous to my visit there had been no medical inspection of school children. This should be introduced, as thereby cases of incipient tuberculosis in the young would be detected and remedial and preventive measures could be put in force. I may say in passing that while the climate of Bermuda is admirably suited for most asthmatic and bronchitic cases, it is not altogether favourable for patients suffering from pulmonary tuberculosis, on account of the number of windy days and certain other factors. The Colony has an infantile mortality-rate of about 160 per 1,000, a sad tribute to the lack of mothercraft and the prevalence of insanitary conditions amongst the coloured population. Bermuda is systematically putting its future labour underground. Seemingly the view taken by the coloured section of the community may be expressed by the phrase "easily come, lightly go, quickly replaced." Such an attitude is alike callous and short-sighted. It is wasteful and Section of Tropical Diseases and Parasitology 51 contrary to the teachings of hygiene and the natural instincts of humanity. If the population, or any section of it, is increasing und.4y, a remedy may perhaps be found in birth-control, which is now, if properly safeguarded, regarded by the majority of hygienists as a legitimate and harmless measure. To bring children into the world merely to see them perish and to be at the expense of burying them, is surely a fatuous procedure when the means exist for safeguarding young lives and when we possess all the knowledge requisite for combating ignorance and carelessness and their dire effects. One of the last lessons I am seeking to draw from one of the oldest and smallest of British possessions is concerned with the effect of economic developments upon the medical and sanitary life of its inhabitants. Nowadays we are a little apt to forget how profoundly industrialism altered the hygienic situation in this country, the fine yeoman population being herded into towns and, as the towns became foul, losing much of their robustness and physique. In Bermuda, especially in recent years, a change has occurred similar to this in some respects but in others wholly dissimilar.
The motive power has been provided by the dollars of the American tourists who flock to Bermuda in thousands, both in winter and summer. The towns have not greatly altered; Hamilton and St. George remain much as they have been, but insanitary conditions have sprung up in the immediate vicinity of both, and there has been a concentration of population outside Hamilton. I cannot deal with all the influences at work, or with all the changes that have occurred, but I may briefly comment on the fact that a large proportion of the population has given up tillage of the land, that it no longer produces vegetables for its own use, and has come to rely on " canned food." From a sanitary standpoint the result has been deplorable, for in almost every part of the island there is a litter of empty-or partly empty-tins providing nurseries for mosquitoes and refectories for flies, while in many places there are dumps where, mingled with refuse of various kinds, tins of all shapes and sizes disfigure the landscape. I could not, however, discover that ill results had followed a dietary largely restricted to preserved foods. There was no evidence of the prescorbutic or the scorbutic state, rickets is rare, pellagra unknown. There are undoubtedly dietetic lessons to be learned in Bermuda. But, as I trust has been apparent, the tiny Colony is full of lessons. The pity is that so few of them have been mastered, and that most of them have not been laid to heart, although in certain directions, notably as regards quarantine, Bermuda has done well. Given an enlightened sanitary policy on sound and energetic lines, the " still vexed Bermoothes" as Shakespeare called these islands, might soon boast the lowest death-rate in the world, and, what is better than a surprisingly low death-rate, a population free from the damage wrought by disease. The place has been greatly favoured by nature. It has in certain respects been spoiled and injured by man's apathy, folly, ignorance and selfishness. Yet there is hope for the future because Bermuda cannot afford nowadays to run risks and has in some measure become alive to this fact. The Colony is almost wholly dependent on the tourist traffic, and tourists and epidemics are not compatible. Hence there, as elsewhere, the old sanitary lesson is forthcoming, namely, that the chief factors concerned with hygienic revolutions are fear, discornfort, and the pinch of the pocket. Bermuda, little seemed to have been learned from the pioneer work of many years ago. Flies and mosquitoes abounded and sanitation was in a very backward state. Anopheles might be introduced there as they have been in Barbados and malaria be added to the diseases already existing.
It was of little use to send out experts to report on those islands unless their recommendations were to be carried out. With the advent of the new School of Hygiene, it Mas to be hoped that a better type of sanitary inspector would be sent out, but here again, unless he was backed up by the local governments, his efforts would be in vain. It is sad to think that we had British colonies at the present day as backward in their mosquito sanitation as thirty years ago.
With regard to Dr. Balfour's suggestion of examining the rats in the different islands for the Leptospira icterohsemorrhagie, this certainly should be done, as it was an important point to settle whether the epidemics which used to sweep the West Indies were all due to yellow fever. The history of most of these islands was a long immunity from the latter disease, even up to thirty and forty years, and this tended to show that it was real yellow fever and not infectious jaundice. If the latter disease had been responsible, cases should have kept cropping up during these periods. This was a piece of research work urgently requiring solution.
Dr. H. H. SCOTT: The paper is full of facts, but, as established facts, they do not lend themselves to much in the way of debate and the application of them to colonies other than Bermuda does not come within the scope of this discussion.
When I heard what was to be the subject of this evening's debate I tried to find out something of the medical history of Bermuda. All the authorities seem to make special note of the rarity of malaria, and that this must be ascribed to the absence of anopheles is supported by the fact that cases have beon imported again and again, especially from the West Indies, and had the vector been present and thriving, these cases would certainly have cqnstituted foci for spreading the disease. Seeing that mosquitoes can be transported (aedes, for example, at least) from one place to another and remain virulent, it is a matter for wonder that the anopheles has not propagated in a country rich in marshy sites; it seems impossible that they have never been introduced and we are driven to the conclusion that conditions inimical to them exist in Bermuda.
To take another disease mentioned: I found it stated that a typhoid epidemic occurred in 1866, mentioned in the British Army Reports. Both the civilian population and the troops suffered. Three years later there was another outbreak of forty-three cases confined to a single regiment, 710 strong, and nine of them died. The civilians appear to have escaped this time-the reverse of what Dr. Balfour mentions as of more recent occurrence.
Again, the Lancet of 1869 records an interesting small outbreak of yellow fever, interesting as showing that the mosquito retains infection for a considerable time, and also as an example of the belief in a yellow fever poison clinging to rooms in which cases had been nursed. " The naval authorities," runs the report, " had told off a number of sailors to clean out the quarantine hospital and the work had just been begun when a ship arrived from the West Indies with yellow fever cases on board." The sick were taken to hospital and the cleaning temporarily stopped. When the patients had sufficiently recovered (it is not stated how many recovered) the vessel left for Halifax, and -twenty-seven days after the last convalescent had left the hospital, " the sailors, eight in number, resumed the work of cleaning and within the next eight days two of them sickened and died; a third fell ill six days later; the remaining five were therefore sent to Halifax under the charge of a surgeon who himself took the fever and died."
The Bermudas certainly seem to be unafflicted by some of the scourges of other tropical countries and, apart from the fact-an important one, I grant-that the sanitation is not up to Dr. Balfour's standard, would serve as a health resort; indeed, Bermuda was so regarded by ague patients nearly a century ago, and is apparently similarly regarded at the present time in spite of these drawbacks.
Dr. MANSON-BAHR said that negative evidence was of great value and much information could be obtained from the absence of diseases from isolated island groups. It did not always pay to " rub in" the sanitary errors of countries possessing manners and 'habits other than our own. He was much impressed at the astonishment with which Egyptian and Indian visitors regarded the lack of sanitation in some of the back streets of our great metropolis. Sir Patrick Manson had often said that to overcome the technical difficulties in sanitary administration in tropical countries the appointment of outstanding medical men as governors was most desirable. Ln the past some doctors had excelled as administrators, for example, the late Sir William Macgregor.
